Quantitative and qualitative techniques for assessment of the intrathecal humoral immune response in human African trypanosomiasis were compared, and their diagnostic potential for detection of the meningoencephalitic stage of the disease was evaluated. Total and trypanosome specific IgG and IgM intrathecal synthesis were studied in paired CSF and blood samples of 38 trypanosomiasis patients and in 3 controls using Reiber's formulae. The presence of CSF-specific oligoclonal IgG and of trypanosome specific antibodies was determined using iso-electric focusing followed by immunoblotting and antigen-driven 
Introduction
Infection with the protozoan parasite Trypanosoma brucei (T.b.) gambiense causes human African trypanosomiasis or sleeping sickness. This lethal disease occurs in sub-Saharan Africa between latitudes 14°N and 29°S, west of the African rift, and is transmitted through the bites of infected tsetse flies (principally Glossina palpalis). After their sub-dermal inoculation by the tsetse fly, parasites start to disseminate and the infection passes through two subsequent disease stages. The hemo-lymphatic or first stage of the disease is characterised by parasite spread and proliferation in lymph and blood, and is followed by the meningoencephalitic stage, also called late or second stage, which implies progressive central nervous system (CNS) involvement and is conventionally defined by the presence of trypanosomes in the CNS (Dumas & Girard, 1978) .
The distinction between the two disease stages is an essential step to select the appropriate treatment with minimal risk for the patient. Pentamidine, a relatively save drug used for first stage treatment has limited efficiency in the second stage since it does not sufficiently cross the blood-brain barrier. Melarsoprol, the drug commonly used for second stage treatment is highly toxic (Pépin & Milord, 1994; Van Nieuwenhove, 1999) .
Since there are no exclusive clinical signs, nor any clear changes at blood level, indicating the evolution from the hemo-lymphatic to the meningo-encephalitic stage (Bisser et al., 1997) , stage determination is performed by examination of the cerebrospinal fluid (CSF). Following the WHO recommendations for stage determination and follow-up (WHO, 1998) , the CSF has to be examined for 1°) white cell count; 2°) the presence of trypanosomes and 3°) total protein concentration. If at least one of these parameters is abnormal, a patient is considered in meningo-encephalitic stage and should be treated accordingly. Only the CSF white cell count is widely used for stage determination. The upper limit for normal and the cut-off value for hemo-lymphatic stage have been set at 5 cells/µl in CSF (WHO, 1998) . This cut-off has been raised to 20 cells/µl in some countries, including Côte d'Ivoire and Angola (Doua et al., 1996; Stanghellini & Josenando, 2001) . The finding of trypanosomes in CSF classifies a patient into the meningo-encephalitic stage but the techniques for trypanosome detection have limited sensitivity and the meaning of finding trypanosomes in CSF with low cell counts is questioned. Protein quantification on CSF is not current 4 practice in sleeping sickness control centres due to the need of more or less sophisticated material and the instability of the reagents. Moreover, cut-offs have been set arbitrarily and vary with the method used.
In view of the importance of accurate stage determination in the choice of treatment, alternative markers for diagnosis of CNS involvement are investigated.
Subacute and chronic inflammatory diseases of the CNS are associated with local synthesis of immunoglobulins and antibodies. The demonstration of intrathecal synthesis represents a powerful tool for diagnosis of neuro-inflammatory diseases and requires an accurate discrimination between blood and CNS derived immunoglobulins, either quantitative by calculation of the intrathecal fraction and antibody index, or qualitative by detection of oligoclonal antibodies (Sindic et al., 2001; Reiber & Peter, 2001 ).
In human African trypanosomiasis, intrathecal total IgG synthesis has been demonstrated using Tourtellotte's formula (Lambert et al., 1981) . The quantification of trypanosome specific antibodies by semiquantitative ELISA allowed calculation of the antibody index (Lejon et al., 1998) . Furthermore, the detection of total as well as trypanosome specific IgG and IgM synthesis, using Reiber's formulae, already pointed to the limitations of the traditional parameters for determination of neurological involvement in human African trypanosomiasis (Bisser et al., 2002) .
As far as we know, the detection of total IgG and IgM, as well as trypanosome specific IgG and IgM antibodies, by both quantitative and qualitative techniques, has never been performed on the same group of trypanosomiasis patients. Our purpose was 1°) to compare the sensitivity of the intrathecal immunoglobulin fraction, the trypanosome specific antibody index and the detection of oligoclonal immunoglobulins and trypanosome specific antibody for detection of an intrathecal humoral immune response in 38 human African trypanosomiasis patients and 2°) to evaluate the diagnostic sensitivity and specificity of these techniques for stage determination.
Materials and methods

Patients
The patients were identified during a medical survey in April-May 2000, around the town of Bonon in Central West Côte d'Ivoire. Out of 13,900 people screened by CATT (Card agglutination test for trypanosomiasis, (Magnus et al., 1978) , 170 serological suspects were parasitologically examined by the mini-anion exchange centrifugation technique (Lumsden et al., 1979) and by direct examination of lymph node aspirate. Trypanosomes were detected in 76 persons which were sent to the "Projet de Recherches Cliniques sur la Trypanosomiase" (PRCT) in Daloa for treatment. At the PRCT, infection was confirmed using the same techniques and CSF was collected for determination of the disease stage. In CSF, the cell number was determined in a KOVA counting chamber (ICL), protein concentration by the Coomassie brilliant blue method and presence of trypanosomes by the modified single centrifugation (Miézan et al., 2000) .
Remaining serum and CSF was immediately frozen at -30°C. For this study, samples from the first examined 38 patients were used, after exclusion of patients with haemorrhagic CSF. Sixteen patients displayed trypanosomes in the CSF or more than 20 cells/µl, and were treated with Melarsoprol, the other 22 with Pentamidine following the treatment protocols of the PRCT. The mean age of the patients was 35 years (range 4-64, standard deviation 15), and male/female ratio was 0.5. All underwent a standard clinical and neurological examination before treatment, focusing on signs of CNS invasion in sleeping sickness (Boa et al., 1988) . Informed consent was obtained from all patients in the study. The follow-up period (last control visit after treatment) was 24 months (complete follow-up) or more for 5 patients, 17-20 months for 9 patients, 13-14 months for 6 patients, 6-7 months for 3 patients, 2-3 months for 4 patients and 1 month for 9 patients.
One patient was lost to follow-up and one patient died during treatment. At these control visits, blood and CSF were examined as described above. During the follow-up period, one patient relapsed (presence of trypanosomes in CSF) 3 months after treatment and died during retreatment, another relapsed 6 months after treatment (Table 1) .
Besides patients with confirmed infection, serum and CSF of one CATT seropositive "suspect" and two CATT seronegative persons were available from the PRCT. They served as parasitologically negative controls. Agarose gel plates were prepared as described above but contained 1 ml ampholine pH 3.5-9.5 and 1 m ampholine pH 4-6 (Pharmalytes, Pharmacia). CSF and sera were thawed at 37°C for 15 min and vortexed.
The undiluted CSF and the corresponding serum were diluted to the same IgM concentration. No attempt was made in the present study to detect oligoclonal IgM. In a previous study on 9 paired samples of trypanosomiasis patients (who all had > 20 cells/µl in CSF and positive AI IgMsp ), we failed to observe oligoclonal IgM bands restricted to the CSF. Only a diffuse polyclonal staining was present, similar to the one observed in the corresponding serum.
We however looked for trypanosome specific oligoclonal IgM antibodies in all the 38 samples of this series.
A positive immunostaining was observed in 10/38 CSF samples, all of them having a high IF IgM (>67%), positive AI IgMsp (>2.7) and a CSF IgM concentration higher than 50 mg/l. No oligoclonal bands were detectable, but a polyclonal background was observed similar to the one in the corresponding serum.
Intrathecal humoral immune response versus stage determination and treatment.
For evaluation of the diagnostic sensitivity and specificity of the different techniques for the meningoencephalitic stage of the disease (table 2), we assumed 1°) that all patients with more than 20 cells/µl in the CSF were late stage patients; 2°) that all patients with trypanosomes in the CSF were late stage patients; 3°) that patients with less than 20 cells and without trypanosomes in the CSF, which were cured by Pentamidine were in first stage and 4°) that patients with less than 20 cells and without trypanosomes in the CSF but which relapsed after Pentamidine treatment were already in late stage prior to treatment. patients from Peoples Republic of Congo (Bisser et al., 2002) . Using Reiber's formula (Reiber & Peter, 2001) , in both studies, a strong, dominant intrathecal IgM synthesis was observed, combined with a weaker IgG synthesis. In patients with a pathological value for the trypanosome specific antibody index, AI IgMsp was higher than AI IgGsp . Human African trypanosomiasis due to T.b. gambiense thus can be classified among neuro-inflammatory diseases with a dominant IgM immune response pattern in the CNS, like Lyme neuroborreliosis, neurosyphilis or mumps meningoencephalitis (Reiber & Peter, 2001) . Abnormal primitive reflexes, sleeping disturbances or psychiatric problems were mainly detected in patients with an intrathecal immune response, but presence of such clinical signs was insufficiently sensitive to diagnose the meningoencephalitic disease stage.
By iso-electric focusing, oligoclonal total IgG (OC IgG ) was detected in 24% of the trypanosomiasis patients.
Together with IF IgG , it was the less sensitive technique to detect an intrathecal humoral immune response.
This explains the observation of Bisser et al., who observed oligoclonal IgG only in 1.8% of a subgroup of patients without blood-CSF barrier dysfunction, without intrathecal IgG synthesis and without intrathecal IgM synthesis (Bisser et al., 2002) . The absence of oligoclonal bands in CSF was also reported for a T.b. gambiense patient in meningo-encephalitic stage, who was diagnosed and treated in Canada (Sahlas et al., 2002) .
In contrast, oligoclonal trypanosome specific IgG antibodies (OC IgGsp ) were observed in 47% of the trypanosomiasis patients. All cases with elevated AI IgGsp displayed oligoclonal trypanosome specific IgG but the latter was detected in significantly more patients than IF IgG , OC IgG and AI IgGsp . Presence of oligoclonal antibodies, without presence of corresponding oligoclonal IgG, is frequently observed in CNS infections (Sindic et al., 2001, figures 4 and 5) . Some AI IgGsp negative samples were OC IgGsp positive, which confirms the higher sensitivity of iso-electric focusing for detecting local synthesis in some infectious diseases (Monteyne et al., 1997) .
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Iso-electric focusing results for detection of IgM were rather disappointing. Since we failed to observe oligoclonal IgM in a pilot study, no attempt was made in the present study to detect oligoclonal IgM. We therefore decided to look for trypanosome specific oligoclonal IgM antibodies by the more sensitive ECL technique. No bands were detectable, but in samples with a highly elevated IgM concentration, a polyclonal background was observed similar to the one in the corresponding serum. The failure to detect oligoclonal IgM antibodies could be due to the induction of a polyclonal IgM response by trypanosomes, with other specificities including auto-antibodies (Greenwood & Whittle, 1980) , or low affinities for the trypanosomal antigens used. This is suggested by the occurrence of 4 positive IF IgM without positive AI IgMsp , whereas all positive AI IgMsp displayed a positive IF IgM . The diffuse "polyclonal" pattern observed on immunoblots could also be due to post-translational modifications. Different glycosylations could specifically be responsible for a microheterogeneity that we did not detect by the present techniques. Similarly, detection of oligoclonal IgA bands and antibodies in most neuro-inflammatory diseases failed (Sindic et al., 1994b) and even if oligoclonal IgM in some cases of neuroborreliosis and neurosyphilis were detected (Sindic et al., 1994a) , the antigen-driven immunoblots remained negative for specific IgM antibodies (Sindic, unpublished data) . Among the different techniques used in this study, the highest diagnostic sensitivity for second stage trypanosomiasis was only 76.5%. Patients with CSF trypanosomes were considered in meningoencephalitic stage, even if cell counts were lower than 20/µl. Two out of four of such patients remained negative in all applied tests, thus showed no sign of an intrathecal inflammatory process. One could hypothesise that, based on the presence of trypanosomes in CSF, these two were falsely classified in meningo-encephalitic stage and treated with Melarsoprol. They might have been in the hemo-lymphatic disease stage and might have been cured with Pentamidine. This would be in agreement with reports on successful Pentamidine treatment of patients with CSF trypanosomes and cell counts lower than 20/µl (Doua et al., 1996) , Legros, personal communication) and with observations on the absence of intrathecal synthesis in a larger group of patients (Lejon et al., 2003) .
On the other hand, 11 first stage patients (less than 20 cells/µl, no trypanosomes in CSF and cured with Pentamidine) showed an intrathecal humoral immune response by one or more of the applied tests. Four of 14 them displayed OC IgG without positive AI IgGsp or positive OC IgGsp . The observed CSF-restricted oligoclonal IgG could therefore be unrelated to trypanosomiasis and indicate a concomitant neuro-inflammatory disease, although we have no evidence in this direction.(all patients were HIV negative). More likely, they are due to an earlier CNS infection, e.g. cerebral malaria. Malaria is endemic in Côte d'Ivoire, and corresponding oligoclonal bands may persist for years as an immunological "scar" (Chapel et al., 1987) . In contrast, the 4 patients with OC IgGsp , the 2 patients with high IF IgM and the one with both abnormalities could be considered as late stage patients, and misclassified according to the current recommendations for stage determination.
They should be considered at high risk of relapse. Perhaps they were still curable with Pentamidine which has been detected in low concentrations in CSF of sleeping sickness patients (Bronner et al., 1991) . A less likely explanation is that this persistent humoral response is the witness of a spontaneously healed second stage infection, as has been observed in neuroborreliosis (Sindic et al., 1987) and neurosyphilis (Merritt, 1940) . These results could also indicate that OC IgGsp detection is a rather unspecific method for stage (Bisser et al., 2002 , Lejon et al., 2003 . CSF at pH 7.6, only 1 band in serum) are observed in CSF. In the last case (lanes 5, patient 2736), the CSF also contains a specific band around pH 7.5, not present in the corresponding serum.
